Introduction
In order to reduce damage from invasive aquatic organisms, the International Maritime Organization (IMO) developed the Ballast Water Management Convention (BWM convention). 1) According to the guidelines for ballast water sampling in BWM convention, port state can perform sampling and analysis of ballast water discharge to establish whether or not a ship is in compliance with the BWM convention. 2) In the guidance, several methods for indicative analysis have been reported. Marine Environment Protection Committee (MEPC) has recognized both advantages and disadvantages of these methods. 3) SATAKE corporation in Japan developed an analyzer of number of viable organisms in the ballast water using vital staining and a photomultiplier tube as a detector. 4) The analyzer counts a pulse from the fluorescence of stained viable organisms and estimates the number of viable organisms using pulse counts with an appropriate threshold. It was developed under the concept to seek high-accuracy, high-sensitivity and avoidance of interferences of background fluorescence, which could be mainly caused by leaked fluorescence from viable organisms.
In this paper, technical information and results of performance tests of the analyzer are provided.
Status of Ballast Water Management Convention (BWM Convention)
The BWM convention will take effect 12 months after ratification by 30 states, representing 35% of the world's merchant shipping tonnage. As of April 7, 2014, 38 States have ratified the convention, representing 30.38% of the world's merchant fleet tonnage. 5) The MEPC met for its 65th session from 13th to 17th of May 2013 at IMO headquarters in London. At the committee meeting, sampling and analysis procedure was approved on a trial basis. Following recommendation was agreed. 6, 7) I.
The trial period would be for two to three years following entry into force of the convention.
II.
During the trial period, port states would refrain from applying criminal sanctions or detaining the ship based on only sampling. III.
The methods considered mature enough for use in the context of port state control are identified in the trial. Visual counts or stereo-microscopy, visual inspection, variable fluorometry, photometry nucleic acid, ATP(adenosine triphosphate), bulk fluorescein diacetate (FDA), chlorophyll a and flow cytometry are considered as potential methods for the indicative analysis of viable organisms for testing for compliance with the BWM convention 4) . The method presented in this paper is a new additional one to them, and is considered as most accurate and practical.
Standards for Ballast Water Management
The IMO established the ballast water performance standard in regulation D-2(ballast water performance standard) as follows. 2) ・ Ballast water must contain less than 10 viable organisms that are greater than or equal to 50 micrometers in minimum dimension per cubic meter.
・ Ballast water must contain less than 10 viable organisms that are less than 50 micrometers but greater than or equal to 10 micrometers in minimum dimension per milliliter. less than 250 CFU per 100 milliliters, Intestinal Enterococci -less than 100 CFU per 100 milliliters.
Fluorescein diacetate (FDA)
Although FDA is a non-fluorescent compound, it is hydrolyzed to fluorescein by enzyme activity in vivo. It emits a green fluorescence when exposed to excitation light of a specific wavelength (λ ex =488 nm, λ em =530 nm). Figure  1 shows green fluorescence appeared in a stained organism. Figure 2 shows excitation and emission spectra of fluorescein in pH 8 buffer. FDA has been utilized as a cell-specific tag for cellular viability and it is now one of the recommended procedure by the US EPA/ETV ballast water testing protocol. 8) However, the method needs a microscope with epi-fluorescence apparatus and skillful technicians. Application to the ballast water compliance test (indicative test) should eliminate such technical limitation. The apparatus here in this report is based on newly developed semi-automated method that allows anyone to analyze ballast water sample quickly and easily. It can count viable organisms of ≥10μm and <50μm in minimum dimension and those of ≥50μm in minimum dimension. Basic steps of the counting are as follows;
1. FDA solution is prepared by mixing the reagent grade dimethylsulfoxide (DMSO) at a concentration of 1mM. The solution is kept cold and in the dark until used, 2. pore 100 ml sample water into a vessel, 3. add 1ml of FDA solution into the water in the vessel manually and wait a certain prescribed time for reaction of the fluorescence, 4. put a small magnetic stirrer, 5 . set the vessel in the holder of the analyzer, 6. close tightly a cover of the holder, 7. switch on, then the stirrer moves to rotate the sample water to make all particles in the water float and pass the prefixed detection part (see Fig. 4 ), 8. automatically count green fluorescence pulse emitted by viable organisms through excitation by blue LED light (see Fig. 4 ).
For Analysis of ≥50μm organism, total operation will be completed in 11 minutes (10 minutes for FDA staining and 1 minute for detection). For analysis of ≥10μm and <50μm organism, it will be completed in 31 minutes (30 minutes for FDA staining and 1 minute for detection). Figure 5 shows a part of results, showing schematic pulse signals detected by the photomultiplier tube. Only pulses of which intensity are greater than the pre-fixed thresholds are counted as those from viable organisms. Whole analysis steps are automatically operated. Then the concentration of organisms is displayed on the touch panel display. ・ High-accuracy: there is high linear correlation between pulse counting and manual microscope counting.
・ High-sensitivity: one viable organism per 100ml sample can be detected.
・ High-reliability: detection without interference caused by background fluorescence.
・ Rapidity: result can be provided in 30 minutes. ・ Portability: sample can be analyzed onboard, even at the sampling facility.
・ Simplicity: easy operation after putting a reagent into a sample.
6. Performance Test 6.1 Materials and Methods 1. Test for confirming the correlation between pulse counting and manual microscope counting Organisms of L size range (larger than 50 μm) were collected at Imari bay in Japan in December 2012 by filtering seawater slowly, so as not to give damage to the organisms, using a plankton-net cloth with 35 μm openings. Then, the filtrate was again filtered through a net cloth with an opening of 7 μm to collect organisms of S size range (larger than or equal to 10 μm and smaller than 50 μm). Then, each sample was diluted stepwise with seawater which was filtered through a membrane filter having a pore size of 0.2μm in order to remove all organisms. Sample containing organisms of L size range was diluted in 6 steps. Sample containing organisms of S size range was diluted in 4 steps. Collected organisms were stained by FDA and their pulses were counted using methods described above. For manual microscope counting, a procedure following G8 guideline (Guidelines for Approval of Ballast Water Management Systems) was applied. 10) Lastly, the correlation between pulse counting and manual microscope counting was observed.
Test for confirming detection ability of one viable
organism in 100ml sample Two mimic ballast water samples of 100 ml purely clean seawater was provided for the test; one ballast water sample contained one viable organism, and the other had no organism and used as control. Both samples were stained by FDA and their pulses were counted using the methods described above. Results of the counts of the two samples were compared.
Test for confirming the interference caused by
background fluorescence Two mimic ballast water samples with one viable organism (Brachionus sp. Fig.1) per 100ml were provided for the test; one was purely clean and particle-free seawater, and the other contained much amount of debris of organisms. The latter sample water was prepared by disruption of 1,000,000 cells of phytoplankton Chattonella antiqua by ultrasonic in 100 ml water. Also, two control samples without any viable organism per 100 ml were provided; one was purely clean seawater, the other had same amount of debris as the test water described above. Results of the count using the analyzer were compared. Figure 6 ). From these results, it is said that a high linear correlation was observed between pulse counting and microscope counting in both L and S size organisms. Therefore, this analyzer can be applied to ballast water samples at the range of concentrations mentioned above. Table 1 ). Organisms of S size range which remained on a plankton-net cloth of 35 μm were mostly diatoms (98.9%, see Table 2 ). Organisms of S size range which remained on a plankton-net cloth of 7 μm that, through a plankton-net cloth of 35 μm were mostly diatoms (96.4%, see Table 3 ). Table 1 Organisms of L size range which remained on a plankton-net cloth of 35 μm Table 2 Organisms of S size range which remained on a plankton-net cloth of 35 μm. 
2.
Test for confirming the detection ability of one viable organism per 100 ml sample The number of pulses obtained from samples containing one viable organism was 13.2 (mean of 10 tests). Standard deviation was 1.9. On the other hand, the number of pulses obtained from samples containing no viable organisms was 0 (mean of 10 tests) (see Table 4 ). From this result, it can be said that the analyzer could detect one single viable organism per 100ml sample. Table 4 The number of pulses obtained from test water containing no viable organism (control) and those contained one viable organism (test). Table 5 The number of pulses obtained from sample with purely clean seawater and sample with disrupted particles of organisms.
Control: sample contained no organism
Test: sample contained one viable organism 3. Test for confirming the interference caused by background fluorescence The number of pulses obtained from sample contained one viable organism with purely clean seawater was 13.2 (mean of 10 tests). Standard deviation was 1.8. On the other hand, the number of pulses obtained from sample contained one viable organism with disrupted debris of organism by ultrasonic was 13.0 (mean of 10 tests). Standard deviation was 2.9. Also, the number of pulses obtained from both control samples contained no viable organism were 0 (mean of 10 tests) (see Table 5 ). There was no difference between the two pulses counting with one viable organism. Therefore, interference caused by background fluorescence can be cancelled with pre-fixed threshold.
From these three studies, applicability to treated ballast water analysis was validated at the laboratory level. Since the analyzer was using the pulse counting method with pre-fixed threshold, background fluorescence did not interfere with the counting. Therefore, the method could avoid leading to false positives/negatives.
Conclusions
Since high linear correlation was observed in organisms of both L and S size ranges in the tests for confirming the correlation between pulse counting and microscope counting ( Fig. 6) , it was verified that the analyzer met "High-accuracy". As there was clear difference in the number of pulses obtained from samples with and without one viable organism in the test for confirming the detection ability of one viable organism per 100ml sample (Table 4) , it was verified that the analyzer met "High-sensitivity". In the test for confirming the interference caused by background fluorescence, there was no difference between the number of pulses obtained from the sample containing one viable organism in purely content clean seawater and those in water having disrupted particles of organisms, it was verified that the analyzer met "High-reliability".
From results of these three tests, it is said that this analyzer allows anyone to evaluate any ballast water sample with high-sensitivity, high-accuracy and high-reliability. In addition, because the analyzer was developed under the concept with rapidity, portability and simplicity, it can be one of the most effective analysis methods. 
